Abstract The uncontrolled hyperglycemia can lead to disturbances in the cell structure and functions of organs.
Introduction
Diabetes mellitus (DM) is a heterogeneous group of disorders having hyperglycemia, which is due to impaired carbohydrate utilization resulting from a defective or deficient insulin secretion from beta cell of pancreas. There are tremendous advances in our understanding of the molecular basis of diabetes mellitus but still substantial gaps remain in our understanding of disease pathogenesis and in the development of preventive and effective treatment for DM. Herbal medicines have great advantage to manage diabetes mellitus [1] . India is a country with a vast reserve of natural resources and a rich history of traditional medicine. The hypoglycemic activity of a large number of these plants/ plant products has been evaluated and confirmed in animal models [2] . Herbal plants have been used since the dawn of civilization to maintain health and to treat diseases. In India more than 2,500 medical part species are listed to treat various diseases and the extracts of these plants have been used since time immemorial to control many microbial diseases. Apart from the treatment of microbial diseases, phyto-therapy has also been extensively used to control degenerative diseases like diabetes [3] Cynodon dactylon (L.) Pers. (Fam: Poaceae) is commonly known as 'Doob' in India (Tamil: Arugampul). The plant has been used in folk medicine of different countries, as anti-inflammatory, anticystitis [4] , antihysteria, antipsychotic [5] , antigonorrheal infection [6] , and antiviral as well as hypolipidemic agent [7] . In India, the plant is reputed for the treatment of melena, thirst, anorexia, burning sensations of the body and miscarriage and erysipelas [8] . As per our previous study reported recently C. dactylon is claimed to have antidiabetic, hypo-lipidemic and antioxidant activity [9, 10] .
The most common model used in diabetes research is alloxan-induced rats, which results in beta cell death in pancreas, insulin insufficiency and hence diabetes [11] . The morphology, metabolism and function of any cells are primarily determined by the entity of cellular proteins. The identification of molecular mechanisms of diabetes may focus on the whole protein composition in cell. The most recent and powerful experimental approach allows a systematic and comparative analysis of proteomic changes is the combination of protein separation, limited proteolysis and mass spectrometric peptide identification [12] . In this context, the term ''differentially expressed protein'' is to indicate that a protein occurs in a specific biological function that were significantly decreased or increased concentration compared with normal. Differential expression can be a consequence of disease-related variations in transcription, protein synthesis, transport, degradation and/ or covalent modification [13] . The systematic proteome approach has been utilized to identify proteins that are responsible for or that are related to abnormal functions in various cells and tissues. In particular, comparative proteome has been applied to study molecular mechanisms of cell maturation [14] , function [15] and pathology [16] . Recent studies using two-dimensional electrophoresis led to the resolution of more than 1,000 single spots containing proteins that perform various functions such as energy production, protein synthesis and turnover, protein folding and transport, cell cycle, apoptosis and oxidative stress, cytoskeleton, flagella movement, signal transduction, cell recognition and metabolism as well as proteins of unknown function [17, 18] . There are many enzymes and proteins that are under transitional control by insulin [19] and would predictably alter the content of liver proteins with the reduction or lack of insulin in type 1 diabetes condition. The major proteins, enzymes and transcription factors involved in insulin signaling pathway are also involved in carbohydrate, fatty acid and triglyceride metabolism as well as other aspects of intermediary metabolism [20] . Several recent screens of gene expression with respect to diabetes are consistent with a key role of insulin in the gene expression profiles associated with energy metabolism as well as many other metabolic pathways [21] .
The present study is to analyze the liver proteome change associated with diabetes and also to examine the effects of diabetes in the absence or presence of treatment with C. dactylon plant extract.
Methods

Chemicals and Materials
The chemicals and materials required for 2D electrophoresis and MS were obtained from Sigma-Aldrich, Roche, Crystal Chem, Fermentas (St. Leon-Rot, Germany), (Merck, Darmstadt, Germany), (Fisher Scientific, Schwerte, Germany) and (Bruker Daltonik, Bremen, Germany).
Plant Material and Extract Preparation
Fresh leaves of C. dactylon were collected from PRIST University area. The plants were taxonomically identified and authenticated by Rev Dr S John Britto SJ, Director, The Rapinat Herbarium and Centre for Molecular Systematics, St Joseph's College (Autonomous), Tiruchirappalli-620002, Tamil Nadu, India. The voucher specimen's number is RHCD02. Fresh leaves of C. dactylon were air dried in shade and powdered. Aqueous extract the powdered plant up to 450 g was extracted with boiling water for 10 h. Ethanolic extract the extraction was carried out by mixing the powdered (550 g) leaves with 1:2 (w/v) in 70 % ethanol (v/v) for 2 days. The resulted extracts were filtered and concentrated by rotary evaporator under reduced pressure and low temperature separately.
Experimental Animals
Eight week old male adult albino rats (Rat: Rattus norvegicus) were housed with full access to standard laboratory feed and water at a room temperature of (23- . The animals were considered diabetic if their blood glucose values were[200 mg/dl on the 3rd day after alloxan injection. After the induction of diabetes, they were randomly divided into four groups. Group I were normal rats, received distilled water (n = 6). Group II, the diabetic induced rats, received distilled water (n = 6). Group III diabetic rats were treated with aqueous extract of C. dactylon leaves dissolved in distilled water (450 mg/kg/bw/ day/oral administration) (n = 6). Group IV diabetic rats were treated with ethanolic extract of C. dactylon leaves dissolved in distilled water for 15 days (450 mg/kg/bw/ day/oral administration) (n = 6). After 15 days of treatment, the animals were euthanized and organs were collected for this study.
Sample Preparation and Two-Dimensional Gel Electrophoresis
A trichloroacetic acid/acetone precipitation protocol was adopted to prepare protein extracts from rat liver. The protocol was based on the work of [22] with some modifications. Briefly, fresh tissues were scissored into small pieces on ice and homogenized mechanically in the presence of PBS and centrifuged at 10,000 rpm and 4°C for 10 min. Protein content was determined by the method of Bradford [23] . Then, ice-cold acetone-10 % TCA (Sigma) was added and sonicated for 1 min. The homogenate was kept for precipitation overnight at -20°C. After centrifugation at 10,000 rpm for 15 min at 4°C, the supernatant was removed by decanting immediately and the pellet was rinsed twice in ice-cold acetone for four times. The pellet was then air-dried, re-suspended in a lysis buffer containing 85 mM Tris pH 6.8, 0.2 % SDS.
The 2D method used is based on the O'Farrell [24] but with some modifications. Iso-electric focusing (IEF) was used to separate the proteins according to isoelectric point (pI) in the first dimension. IEF gels were made in glass tubing (160 9 3 mm inside diameter) and contained 10.3 g urea, 7.125 ml distilled water, 2.44 ml acrylamide (28.38 % acrylamide, 1.62 % bis-acrylamide), 0.750 ml carrier ampholytes 3/10, 0.375 ml NP-40, 34.625 ll ammonium persulphate (10 %) and 12.5 ll TEMED. After half an hour's polymerisation, a pre-run for focusing the ampholytes was performed by loading 30 ll of lysis solution (9.8 M urea, 2 % NP-40 (10 % in distilled water), 2 % carrier ampholytes 8/10, 25 mMDTT) and 30 ll of overlay solution (8 M urea, 1 % carrier ampholytes 8/10, 5 % NP-40, 25 mM DTT). Upper running buffer (20 mM NaOH) was degassed for 10 min, but the lower one (10 mM H 3 PO 4 ) was not degassed. The electrophoretic conditions of the rod gels during the IEF were 200 V for 15 min, 300 V for 30 min and 400 V for 1 h. The solution was removed from the upper tank. Meanwhile, the sample (350 lg) was prepared by adding lysis solution in a 1:2 proportion and heating for 2 min at 100 8C. After loading, 30 ll of overlay solution was added above every sample, which was then run at 400 V for 16 h. After focusing, IEF gels were maintained in equilibrating buffer (6 M urea, 75 mM Tris-HCl pH 8.8, 29.3 % glycerol, 2 % SDS, 0.002 % bromophenol blue) for 30 min. Then, the IEF rod gels were immediately applied to an SDS-polyacrylamide gel that contained 12 % acrylamide but the stacking gel was replaced by IEC rod gels fixed to the SDS-PAGE gel with an agarose solution (1 % agarose, 0.002 % bromophenol blue in the first equilibrating buffer). The analytical gels were eventually stained with Coomassie blue.
MALDI-TOF-MS
Gel pieces of 1.5 mm in diameter were excised manually from the 1-mm thick gels and washed for 30 min at room temperature under vigorous shaking with 400 ll of 10 mM ammonium bicarbonate solution containing 50 % (v/v) acetonitrile. After removing the supernatant, gel pieces were dried for 15 min in a vacuum concentrator. The rehydrated gel pieces were incubated in 150 ll reduction solution (10 mm DTT, 100 mm ammonium bicarbonate) for 30 min at 56°C. The reduction solution was then discarded and 100 ll alkylation solutions (50 mm iodoacetamide, 100 mm ammonium bicarbonate) were added for 30 min in the dark room temperature. For digestion, 5 ll trypsin solutions (Sequenzing grade modified trypsin, Promega, Madison and 10 ng/ll in 5 mM ammonium bicarbonate/5 % acetonitrile) were added to each sample. After incubation for 5 h at 37 8C, the reaction was stopped by adding 1 ll of 1 % TFA. For better extraction of peptides, the samples were stored overnight at 5°C. Tryptic peptides were analysed with a MALDI-TOF mass spectrometer (Bruker-Daltonics, Germany) in positive mode. Background ions from trypsin autolysis and contamination by keratins were removed from mass lists. Protein identification was performed by searching for Rattus proteins in the latest version of the NCBI nr database using the Mascot search engine [25] . The following parameters were applied: Monoisotopic mass accuracy, peptide mass tolerance (0.1 Da); peptide charge state (1?); missed cleavages, 1; allowed variable modifications, oxidation (Met) and fixed modification, carbamidomethyl (C). Fragmentation of selected peptides was measured using the PSD mode. The mass lists were used for MS/MS search applying the database and search engine as mentioned above.
Statistical Analysis
The average numbers of 2D protein spots between the gel are expressed as mean ± standard error of the mean (SEM). Statistical comparisons were performed by oneway analysis of variance (ANOVA) by using SPSS 14 version statistics software. The results were considered statistically significant if the P values were 0.05 or less.
Results
The total protein content was significantly reduced (7.8 %) in diabetic rats as compared with control rats. The protein contents were restored to normal level after the treatment with aqueous (2.0 %) and ethanolic extract (14.3 %) of C. dactylon leaves and values are indicated in Fig. 1 . Fasting blood glucose level was significantly elevated after 72 h of alloxan injection in respect to control level.
Following the supplementation of aqueous and ethanolic C. dactylon extracts for 2 weeks, fasting blood glucose level was insignificantly different from the diabetic rats i.e. diabetic rats decreases FBG significantly from 240 to 130 mg/dl for aqueous extract and 230 to 155 mg/dl for ethanolic extract. This sharp fall of 32-45 % BGL is a clear evidence of significant anti-diabetic effect of C. dactylon.
In the current study, we have used 2-DE analysis to examine protein alterations in the alloxan-induced diabetic rat's liver and in the presence and absence of plant extracts. The protein extractions were done by TCA/acetone procedure and after estimating the concentration by Bradford's assay. Average amounts of 350 lg of total proteins from each sample were loaded for 2-DE investigations. For a reliable analysis of protein expression, 2-DE was performed in six from each group. The resulting 6 gel images were analyzed and evaluated as one match set with the 2D software (Melanie Viewer 7). On the average, 635 matched spots were detected on each gel and three proteins were differently expressed in alloxan-induced diabetic rats (group II) as compared to control and diabetic treated groups. Figure 2 shows images from IEF and SDS-PAGE focusing on areas containing differentially expressed proteins in liver tissues. Protein alterations showing reproducible changes between controls, diabetic and diabetic treated liver tissues are highlighted with arrows and Fig. 2 shows the close up and 3D view of the differentially expressed proteins. Altered proteins were subsequently excised and subjected to in-gel tryptic digestion, MALDI-TOF-MS analysis and the proteins were identified by using mascot search engine. This procedure allowed the unambiguous identification of the protein components investigated. Figures 3 and 4 show an example of a MALDI-TOF-MS and MS/MS peptide mass fingerprints of the tryptic digests corresponding to spot 1, 2 and 3 from group II. Table 1 shows all the proteins identified through peptide mass mapping. A review of the literature shows that most of these proteins are closely related to liver metabolism and function.
These experimental approaches identified three up-regulated proteins in alloxan-induced diabetes rats. The cellular locations of these proteins were determined using UniProt and many of these proteins were associated with sub-cellular locations like cytoplasm and nucleolus in liver. The up-regulated proteins such as nucleophosmin, L-xylulose reductase (L-XR) and Carbonic anhydrase III (CA III) were found in alloxan-induced diabetes rats (group II) as indicated in Table 1 . The identified proteinsfall into three functional categories: (i) cell proliferation related protein i.e. Nucleophosmin (NPM), (ii) metabolism-related proteins i.e. L-XR, and (iii) electrolyte metabolism related protein i.e. CA III.
The phylogenetic analysis of NPM, L-XR and CA III are shown in Fig. 5 . The NPM, L-XR and CA III protein sequences were compared with other closest species (Horse, Cattle, Chicken, Mouse, Chimpanzee and Human) and the phylogenetic tree was generated using clustalX2 and tree view 32 and considering 1,000 bootstrap values. The rat NPM, L-XR and CA III proteins sequence were closely aligned with mouse (same node) but different bootstrap points 993 (99.3 % similarity to mouse), 1,000 (100 % similarity to mouse) and 874 (87.4 % similarity to mouse) respectively. The evolutionary relation between the rat and mouse were aligned in same node but, the percentage similarity between the NPM, L-XR and CA III Fig. 1 Effect of aqueous extract (AE) and ethanolic extract (EE) of C. dactylon leaves on total proteins in alloxan-induced diabetic rat liver. Values are expressed mean ± SEM of six animals. P \ 0.05, as compared to diabetic induced group various from 87.4 to 100 % indicates the rat and mouse were close in evolutionary relation. The rat and mouse NPM, L-XR and CA III protein sequences were aligned with human at branch point with different node with bootstrap points, indicating the close vicinity evolutionary relation between the rat and mouse with human.
Discussion
The observed significant increase in the level of blood glucose could be due to the destruction of pancreatic b-cells by alloxan [26] . Supplementation of aqueous and ethanolic C. dactylon extracts for 2 weeks, fasting blood glucose level was significantly different with diabetic rats [9, 10] . Thus, the present study provides substantial evidence on the hypoglycemic action of aqueous and ethanolic extract of C. dactylon in alloxan-induced diabetic rats. The significant hypoglycemic effect may be due to the potentiation of plasma insulin effect by increasing either the pancreatic secretion of insulin from the existing b-cells [27, 28] . C. dactylon extracts was shown to exhibit a hypoglycemic activity in alloxan-induced diabetic rats. Further studies are necessary to elucidate in detail the mechanism of action of the medical plant at the cellular and molecular levels.
Proteomic approaches were used to analyze the protein expression patterns that might reveal metabolic changes in type 1 diabetes associated liver tissues. The intent was to obtain the broad data collection method that could form the basis of hypothesis for future studies connected to diabetes. The expression of several proteins either known or putative encompassing energy production, protein synthesis, chaperone, signal transduction and apoptosis is clearly involved in liver function [29] . The aim of the present study is to characterize the liver proteome changes in alloxan-induced Fig. 2 2-D map of rat liver. Liver proteins were separated by using pH gradient 3-10, followed by 12 % SDS-PAGE. The gels were stained with Coomassie blue. There were 3 spots selected for MS analysis from group II. (Group I control, group II alloxan-induced diabetic rats, group III alloxan-induced diabetic rats treated with aqueous extract and group IV alloxan-induced diabetic rats treated with ethanolic extract) diabetes. In this study, we have identified three up-regulated proteins and classified them as per their function in rat liver; (i) cell proliferation related protein i.e. NPM, (ii) metabolism-related proteins i.e. L-XR), and (iii) electrolyte metabolism related protein i.e. CA III.
Cell Proliferation-Related Protein
Nucleophosmin has been found in the nucleoli of somatic cells [30] and NPM is an abundantly expressed multifunctional nucleolar-phosphoprotein. A unified mechanism for NPM's role in cell growth has recently been proposed; namely, that NPM directs the nuclear export of both 40S and 60S ribosomal subunits [31] . Transduction of NPM shuttling-defective mutants or loss of NPM1, inhibits nuclear export of both the 40S and 60S ribosomal subunits, reduces the available pool of cytoplasmic polysomes and diminishes overall protein synthesis without affecting rRNA processing or ribosome assembly. NPM may normally act to shuttle RNAs and ribosomal subunits to the cytosol, possibly by interacting with cis acting sequences on the 3 0 -UTRs of RNA. These results suggest that, NPM presumably has functions such as ribosome biogenesis, centrosome duplication, cell proliferation and tumor suppression [32, 33] and plays a role as a cytoplasmic/nuclear shuttle protein [34] . In addition, it can act as a histone chaperone [35] in diabetes. In conclusion, the results of our study indicate that, liver cells were considerable loss of skeletal structure and proteins (necrosis) in type 1 diabetic condition. NPM may involve in ribosome biogenesis, centrosome duplication and cell proliferation to balance the loss of skeletal cell in liver in diabetic condition. The treatment with C. dactylon led to down-regulation or/and restored to normal level of NPM that direct the cell proliferation, centrosome duplication and tumor suppression to retain liver morphology through normal metabolic pathway.
Metabolism-Related Proteins
We also found the up-regulation of L-Xylulose reductase (XR; EC 1.1.1.10) belongs to a group of enzymes comprising the glucuronic acid/uronate cycle of glucose metabolism, which accounts for approximately 5 % of the total glucose catabolism/day [36] . The enzyme catalyses the NADPH-linked reduction of L-xylulose to xylitol as well as that of several types of pentoses, tetroses and trioses [37] . Since XR also efficiently reduces various alphadicarbonyl compounds including endogenous diacetyl, it is called dicarbonyl/L-XR and is identical to diacetyl reductase (EC 1.1.1.5). The enzyme is highly expressed in rat liver and has been shown to be localized in the brushborder membranes of proximal tubular cells of the mouse kidney, suggesting a role for the enzyme in water reabsorption and cellular osmo-regulation by producing xylitol [38] . Moreover, enzymes of the glucuronic acid pathway are present in mammalian lens and the flux of sugars and xylitol through this pathway has been suggested to be involved in the osmo-regulation process of the lens and the etiology of sugar cataracts [39] . XR is up-regulated and deteriorate the apoptotic signaling through the generation of reactive oxygen species [40] . Recently, XR was identified as a biomarker for prostate cancer and may contribute to melanoma progression [41] . In diabetic condition, glucose level is more in blood due to lack of insulin and hence the carbohydrate metabolisms such as glycolysis, krebs cycle and HMP shunt were less active in liver cells. The lack of insulin leads to reduced glucose transport into cell and in turn directly increases of blood glucose level. The up-regulation of XR in diabetic condition leads MW molecular weight, pI iso-electric point, II instability index, AI aliphatic index, GRAVY grand average of hydropathicity Ind J Clin Biochem (July-Sept 2012) 27(3):221-230 227 to decrease the blood glucose level slowly through glucuronic acid/uronate pathway, hence plays an important role in reducing of severity of diabetes mellitus.
Acid-Base Balance Related Protein
In this study, we also identified carbonic anhydrases (CA III; EC 4.2.1.1) which are evolutionarily ancient enzymes, which are expressed in most normal mammalian tissues.
CA is zinc-containing enzymes that catalyze the reversible hydration of carbon dioxide and perform essential functions in regulation mechanisms to maintain osmo-regulation in liver tissues [42, 43] . CA is found in many organs, being important in a variety of biological activities including acid-base balance, CO 2 transfer and ion exchange. However, the functional roles of CA III are unknown. It is abundant in skeletal muscle, where it comprises about 8 % of the cytosolic protein in rat [44] . It is a major soluble protein in rat liver from sexually mature males but is almost absent in females. Administration of androgens to females induces expression in their liver, while administration of growth hormone to males represses synthesis to the female level [45] . This sexual dimorphism is mediated at the mRNA level [46] . It is specific to liver, with both male and female muscles having comparable levels. The initially high level of liver CA III decreases during aging of the male. A second distinguishing characteristic of CA III is that it has inherent phosphatase activity. The domain responsible for phosphatase activity has not been defined, but it has been distinguished from the regions responsible for hydratase and esterase activity [47, 48] . In general, water-CO 2 balance and acidbase balance would be imbalanced in diabetic condition due to hyper-osmolarity (glucose). Speculated in this study, the up-regulation of CA III might have an important role in water-CO 2 balance and acid-base balance, which is very critical in the diabetes mellitus to normalize the glucose hyper-osmolarity and to maintain the normal metabolic function of hepatic cell.
Conclusion
In summary, we examined protein expression profiles in liver tissues from alloxan-induced diabetic rats. MS analysis and database search identified three proteins, which were up-regulated in diabetic rat liver. The current studies have demonstrated that the proteomic approaches are useful to understand various biological processes. The identified proteins play a significant role in liver function associated with diabetes mellitus, provide a better understanding of the precise mechanisms of liver function linked with diabetes and oxidative stress. Furthermore, these proteins were down-regulated by the effect of extracts of C. dactylon in liver cell playing a critical role in control of diabetes mellitus.
Cynodon dactylon leaves contain a range of active pharmacological agents like alkaloids, steroids and tannins that are known to reduce blood glucose level in diabetic condition. The mechanism of action of active pharmacological agents is the ability to regenerate the beta cells in pancreas, which in turn reduces the blood glucose level or/ and more than one anti-hyperglycemic principle with synergistic effects in insulin receptor. As per our previous study reported recently, the administration of extract of C. dactylon leaves is able to reduce hyperglycemia and hyperlipidemia risks and also reduces the oxidative stress in diabetic rats. C. dactylon leaves contains a range of active pharmacological agents identified using GC-MS i.e. presence of 7 major compounds in aqueous extract and 6 major compounds in ethanolic extract. 2-Propenoic acid and tetra-methyl-2-hexadecen-1-ol are present in both aqueous and ethanolic extracts of C. dactylon. Antidiabetic activity of C. dactylon is due to presence of 2-Propenoic acid and tetra-methyl-2-hexadecen-1-ol. Thus, the significant antidiabetic effect of C. dactylon leaves may be due to the presence of more than one anti-hyperglycemic principle and/or their synergistic effects of active principle present in the plant.
The preliminary liver proteome map associated with diabetes in relation to effects of an anti-diabetic herb, C. dactylon leaf extracts draws the line between the protein-drug targets. The combined approach based on proteomics and phytomedicine investigation has also opened avenues for further research especially with reference to the development of potent phytomedicine and its protein target for diabetes mellitus from C. dactylon leaves. Further research is needed to elucidate the molecular mechanism connected to insulin and liver function associated with diabetes mellitus in relation to phytotherapy.
